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INTRODUCTION
Many metal ions are known to play very important roles in biological processes in the human body [1, 2] . For example, zinc(II) and copper(II) ions are the second and third most abundant transition metals in humans. They are found either at the active sites or as structural components of a good number of enzymes [3, 4] . The main biochemical role of cobalt in biological systems is its involvement in vitamin B 12 , a co-enzyme in some biochemical processes [3] . These metals and some of their complexes have been found to exhibit antimicrobial activities [5] [6] [7] . The ligands, 1,10-phenanthroline (phen) and 2,2'-bipyridine (bpy) are strong field bidentate ligands that form very stable chelates with many first row transition metals [8] . These ligands, as well as some of their derived complexes, do exhibit antimicrobial properties [9, 10] . A number of transition metal mixed-ligand complexes containing 1,10-phenanthroline or 2,2'-bipyridine and other ligands such as Schiff bases derived from amino acids [11] [12] [13] [14] , oxydiacetate [15] , diethylenetetramine [16, 17] , oxalate [18] and halides, X (X = Cl, Br, I) [19] have been reported in the literature.
Although a good number of metal mixed-ligand complexes containing either 2,2'-bipyridine or 1,10-phenanthroline with some other ligands are reported in the literature, to our knowledge, there are a few reports on the synthesis and biological activities of metal mixed-ligand complexes containing 2,2'-bipyridine and 1,10-phenanthroline as ligands [20] .
We report here in the synthesis, characterisation and biological activities of the new cobalt(II), copper(II), and zinc(II) mixed-ligand complexes containing 1,10-phenanthroline and 2,2'-bipyridine as ligands. The synthesized complexes are characterised by elemental, IR and visible spectroscopic analyses.
EXPERIMENTAL

Materials
Commercial reagents were used as obtained without further purification. Co(NO 3 ) 2 .6H 2 O, ZnCl 2 , 1,10-phenanthroline, and 2,2'-bipyridine were purchased from Riedel-de Haën (Germany), while CuCl 2 . 2H 2 O was purchased from Labosi (France). The solvents ethanol and diethylether were dried and distilled according to standard methods. The bacteria strains were obtained from Centre Pasteur, Yaoundé, Cameroun.
Physical measurements
Elemental analyses for carbon, nitrogen, and hydrogen were carried out on a Fisons Instrument 1108 CHNS-O (France), while cobalt(II), copper(II), and zinc(II) were quantitatively estimated by complexometric titrations [21] . Infrared (IR) spectra of solid samples as KBr pellets were recorded on a Perkin-Elmer model IR-457 spectrophotometer (France) and a Spectrum 100 FT-IR Perkin-Elmer spectrophotometer (France), while electronic absorption spectra of samples dissolved in ethanol were recorded on a Hitachi U-2000 spectrophotometer (France).
Synthesis
Generally, the complexes were prepared by reacting the respective metal salts with the ligands using 1:1:2 mole ratio, i.e. one mole of metal salt : one mole of 2,2'-bipyridine : 
Anti-microbial tests
The antimicrobial tests were carried out in the Applied Microbiology and Molecular Pharmacology Laboratory of the University of Yaoundé I.
Nine species of microorganisms Enterobacter cloacae, Morganella morganii, Shigella flexneri, Salmonella typhi, Klebsiella pneumoniae, Citrobacter freundii, Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus used for this study were provided by 'Centre Pasteur du Cameroun', Yaoundé. The microbial isolates were maintained on agar slant at 4 ºC in the Laboratory of Applied Microbiology and Molecular Pharmacology (LMP), University of Yaoundé I where the antimicrobial tests were performed. The strains were subcultured on fresh appropriate agar plate in incubators 18 hours prior to any antimicrobial test.
Nutriment agar (NA) containing Bromocresol Purple was used for the activation of Bacillus species while NA alone was used for the other bacteria. The Colombia agar medium (CAM) was used for the diffusion assays determination. In vitro antibacterial and antifungal activities of the ligands and complexes were evaluated by the well-diffusion method. Muller-Hinton broth was used as microbial growth medium.
Diffusion test
The antimicrobial diffusion tests were carried out as described by Berghe and Vlietink [22] using a cell suspension of about 1.5 x 10 6 CFU/mL obtained from the McFarland turbidity Standard No 0.5. The suspension was standardised by adjusting the optical density to 0.1 at 600 nm (SHIMADZU UV-120-01 spectrophotometer). The suspension was used for inoculation by floating the surface of the CAM plates. When the excess liquid was allowed to dry under an aspirator hood, holes of 6-mm diameter were made in the medium and filled with 60 µL of test samples. Holes with methanol were used as negative control. The plates were inoculated at 37 o C for 24 hours. Antimicrobial activity was evaluated by measuring the diameter of the inhibition zone (IZ) around the hole. The assay was repeated thrice and results recorded as mean ± standard deviation of triplicated experiments. Compounds were considered as active when the IZ was greater than 6 mm. 2 . 6(H 2 O). The elemental analytical results are close to the theoretical values indicating the presence of both ligands in the complexes. The yields for the complexes range between 20 and 47%. These are low probably due to incomplete crystallisation. The metalmixed ligand complexes which are crystalline solids are very stable in air whereas the starting metal salts are hygroscopic in nature. All the complexes did not melt within the 50-260 °C range of the Leica VmHB (Koffler's system) melting point apparatus. However, the melting points of 1,10-phenanthroline and 2,2'-bipyridine which are 70 and 97 °C, respectively, are the same as literature values [25] . The complexes are different in colour from the starting metal salts from which they were derived. For example, [Cu(bpy)(phen)(H 2 O) 2 ]Cl 2 . 2H 2 O is green-blue while the starting copper(II) chloride is deep blue in colour.
RESULTS AND DISCUSSION
In the infrared spectra of the complexes, the band due to ring vibrations of the uncoordinated 2,2'-bipyridine observed at 1621 cm -1 was shifted to 1588 cm -1 in the complexes. This shift by 33 cm -1 to a lower frequency shows that 2,2'-bipyridine is coordinated to the metal centres [12] . Similarly, in the IR spectra of the complexes, the C-H and C=C stretching bands undergo a coordination-induced lower frequency shift of 12 cm -1 and 18 cm -1 , respectively [11] . The band observed at 479-446 cm -1 has been assigned to ν M-N [26] . In the IR spectrum of the copper complex, the bands observed at 1660 cm -1 and 641 cm -1 are assigned to ν H2O and ν Cu-O , respectively [27, 28] . The observed shifts in band positions are a clear indication that both ligands are coordinated to the respective metal centres.
In [28, 29] . This band is different from that of [Co(bpy) 3 ] 2+ at 22000 cm -1 [4] . Copper(II) six co-ordinate complexes are usually blue-green in colour because of the single broad absorption band in the region 11000-16000 cm -1 [30] . [29] . Usually, zinc(II) complexes are white in colour but the complex [Zn(bpy) 2 (phen)](Cl) 2 . 6(H 2 O) is cream in colour due metal-ligand charge transfer [31] . The proposed structures of these complexes are presented in Figure 1 . These will be confirmed by subsequent X-ray analysis. 
Anti-microbial tests
The ligands, metal salts and metal mixed-ligand complexes were tested for antimicrobial activities against nine bacteria obtained from the Centre Pasteur, Yaoundé, Cameroun. These tests were carried out in the Department of Biochemistry, University of Yaoundé I, Cameroun. The results of the susceptibility of these bacterial strains towards the compounds, judged by measuring the inhibition zone growth diameter (IZ), are presented in Table 1 . The ligand 1,10-phenanthroline exhibited the greatest antimicrobial activities (9/9) with high inhibition zones ranging from 28 mm to 32 mm while 2,2-bipyridine exhibited selective antimicrobial activities (6/9) against the pathogens with lower inhibition zones ranging between 7 and 14 mm. The metal salts also showed a selective effect on the tested organisms in the order Co(NO 3 ) 2 . 6H 2 O (8/9) > ZnCl 2 . 6H 2 O (7/9) > CuCl 2 . 6H 2 O (4/9). The IZ values for cobalt nitrate (10-13 mm) are greater than those for copper and zinc chlorides (7-10 mm). All the metal-mixed ligand complexes are active against all (9/9) tested organisms with IZ values of 16-31 mm. These values are lower than those for free phenanthroline and higher than those for free bipyridine ligands. Therefore the metal complexes show greater antimicrobial activities than the uncoordinated ligand and free metal ion which in fact is in agreement with the literature [32] . These mixed-ligand complexes have an advantage in that the respective bioactivities of the uncoordinated ligands and metal ions are combined which could make them more potent antimicrobial agents. The water soluble complexes enable them to be applied in humans since water is the main component of the human body. The copper-mixed ligand complex showed the greatest activity, the zinc-mixed ligands complex showed the lowest activity. 2+ , one molecule each of the ligands and two water molecules coordinate to copper(II) and zinc(II) is coordinated to two molecules of 2,2'-bipyridine and one molecule of 1,10-phenanthroline. Antimicrobial studies of these complexes against nine bacteria show that there is increased activity of the metal ions upon coordination to these ligands. There is a decrease in the activities of 1,10-phenanthroline as well as an increase in the case of 2,2'-bipyridine upon coordination. 
AKNOWLEDGEMENTS
We thank the ATER programme (PGA) of the University of Yaoundé I, Cameroun for financial assistance.
